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ABSTRACT 
The q u a l i t y  o f  the ERTS-1 data products produced dur ing the i n i t i a l  
months o f  system operat ion are  evaluated. Quan t i t a t i ve  performance data - 
p r i n c i p a l l y  geometric and radiometr ic  accuracy and reso lu t i on  '- are 
determined f o r  these data p-oducts. A cmpirr ison o f  these measurements 
w i th  prelaunch pred ic t ions  i s  a l so  made. 
INTRODUCTION 
This paper i s  an assessment o f  the overal-1 q u a l i t y  o f  the  data pro- 
ducts col lected,  produced and d i s t r i b u t e d  by the  ERTS-1 system dur ing i t s  
i n i t i a l  per iod o f  sustained operat ion. This dssessment i s  intended t o  
quant i fy  the inherent  character is  t i c s  o f  the  datd products f o r  i n v e s t i -  
gators and experimenters involved i n  i t s  s c i e n t i f i c  i n t e r p r e t a t i c n  and 
analysis. 
The per iod o f  evaluat ion covers the f i r s t  th ree t o  s i x  months o f  
ERTS operat ion. Most o f  the data evaluated was co l l ec ted  d w i n  the 
f i r s t  f i v e  eighteen day coverage cycles ( the  f i r s t  three months7 w i t h  
more s e l e c t i v i t y  dur ing the f o u r t h  through s i x t h  months o f  operation. 
10 order t o  keep the amount o f  data evaluated t o  a reasonable quan t i t y  
wh i le  s t i l l  mainta in ing a good sampling throughout the successive 
coverage cycles , t e s t  s i  tes were selected which provided imagery su i  t a b l e  
f o r  making q u a n t i t a t i v e  measurements ( I  .e. s u f f i c i e n t  ground t r u t h ,  urban 
d e t a i l .  ? i r l y  constant atmosphere, l a rge  scale i n e r t  areas, e t c .  ). 
System corrected imagery from each s i t e  i n  both 70 mn and 9.5 inch  formats 
were ordered from the NDPF using the normal "standing order"  procedure. 
This data was supplemented as requ i red  w i t h  system corrected imagery f r a n  
other t e s t  s i t es .  
The data was analyzed t o  determine i t s  q u a l i t y  i n  terms o f  geometric 
accuracy, reso lu t i on  and radiometr ic  accuracy. For reference these 
mecsured r e s u l t s  were compared t o  the prelaunch estinrates publ ished i n  
the ERTS Data Users dandbook. By r e p e t i t i v e  analys is  o f  data taken a t  
d i f f z r e n t  times performance i n d i c a t i v e  of sustained operat ion was possib le 
and a1 lowed shor t  term o r  s t a r t  up type anomal l e s  t o  be d i f f e r e n t i a t e d  
from normal performance o r  l eg i t ima te  trends, 
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GEOMETRIC ACCURACY 
The geometr ic q u a l i t y  o f  system co r rec ted  photographic  data was 
evaluated and measured over  a broad s e t  of lparanreters rang ing  frorri the 
degree of c o n t r o l  over t he  geographic areas Imaged by t h e  ERTS sensors 
t o  the  p r e c i s i o n  w i t h  which a p i c t u r e  element I n  one spec t r a l  image 
can be r e l a t e d  t o  t h a t  i n  another,  
Image Center Contro'l , I n 1  t l a l  program goals  were es tab l i shed  t o  c o n t r o l  
t he  spacecraf t  orb1 t and a t t i t u d e ,  compute t h e  ephemerides from t r ack i ng  
dats, command t he  sensors and frame t he  imagery so t h a t  nea r l y  t he  saac 
geographical  area on the  e a r t h  would be conta ined i n  imagery c o l l e c t e d  
on success 1 ve coverage cyc les  . Prelaunch to1  eranses cn t he  c o n t r o l  o f  
image centers  was p red i c t ed  t o  be w i t h i n  30 km i n  t he  i n - t r a c k  d i r e c t i o n  
and 37 km i n  t h e  c ross - t rack  d i r e c t i o n  o f  a p rede f ined  m a t r i x  o f  "nominal I '  
image cen te r  l o ca t i ons .  F igure  1 shows t h e  d i f fe rence  between measured and 
t he  corresponding "nominal" image cen te rs  f o r  t e s t  s i t e s  I n  the  U.S. 
( r e a l  t ime)  and abroad ( recorded) .  
Data Co l lec ted  du r i ng  a one month l l ~" - r  I 
pe r i od  f o l l o w i n g  d iscon t inued  use IMAO* C r y l m  CONTROL 
o f  t he  RBV cameras on 6 August IVARlAl lON IROMNOMINAL CWUI 
1972 a re  excluded from t h e  data 
s e t  s i nce  du r i ng  t h i s  p e r i o d  a 
new image f raming technique had 
t o  be developed and unusua l l y  
l a r g e  e r r o r s  were experienced, 
Thd d i spe rs i on  o f  the  da ta  i s  
q u i t e  smal l  ( P  6 km l d  ) w i t h  a 
s l i g h t  o f f s e t  f rom nominal t o  t h e  
south and west, due t o  spacec ra f t  
a t t i t u d e .  Since spacecra f t  a t t i -  
tude w i l l  va ry  p r i n c i p a l l y  w l  t h  
spacecra f t  pos i  t i o n  i n  orb1 t and PRtPlcIm CrnlnOL 
sensor du t y  cyc les,  t h i s  b i as  w i l l  
va ry  f o r  t e s t  s l  t e s  a t  d i f f e r e n t  
l a t i t u d e s ,  b u t  a t  a l a t i t u d e ,  w e l l  
w i t h i n  the  o v e r a l l  to le rance  1 i m i  t s .  
The l a t i t u d e  o f  t he  U.S. and most 
o f  the  f o r e i g n  t e s t  s i t e s  se lec ted  f o r  t h i s  eva l ua t i on  were apprc ima te l y  
the sdme. 
Absolute L&a t i on .  Images a r e  annotated w i t h  alphanumeric data and l a t i -  
w ~ o n g m e  t i c k  marks t o  r e l a t e  t he  image con ten t  t o  an e a r t h  
reference. Absolute l o c a t i o n  i s  a measure o f  t h e  accuracy w i t h  which 
the  t r u e  l t t i t u d e  and l ong i t ude  o f  p o i n t s  i n  an image can be determined 
usfng t h e  t i c k  marks a t  t h e  edge c f  t he  fmage. F fgure  2 shows t h e  t rends  
I n  l o c a t i c n  e r r o r s  versus time. The l a r g e  e r r o r s  f o l l o w i n g  launch a r e  
a t t r i b u t m l e  t o  sewera1 "bugsN f n t h e  anno ta t ion  sof tware.  A f t e r  t he  
c o r r e c t i o n  o f  these, e r r o r s  ranged i n  the  one t o  t h ree  k i l ome te r  r e g i o n  
as a d d i t i o n a l  re f inements i n  the  anno- 
t a t i o n  process ing were i n s t i t u t e d .  rlpurr r 
Per iod ic  measurements made du r i ng  LEATION LCCURACY IS:SIIM C M I R f C I t D  DATA1 
the e a r l y  months o f  1973 show these 
e r r o r s  t o  range from 500 t o  11 00 MOO - m wlr~s L~~~~ THROUGH MID-OCTOB~R 
meters, canpar i  ng reasonably we1 1  
w i t h  prelaunch p r e d i c t i c n s  o f  800 I C ~  - ]OX, MF?RS M I ~ - ~ ~ O B t ~  PROUCH M C ~ M B ~ R  
meters.  
YX) - I I ~  mtms  19n 
Band-to-Band (Spec t ra l  ) Reg i s t r a t i on .  Band-to-band o r  spec t r a l  r e g i  s t r a -  
t i o n  i s  t he  measure of how w e l l  ~ o i n t s  
i n  an image from one spec t r a l  band TMC i 
overlay the  corresponding points in BAND-TO-BAND (SPECTRAL) REGISTRATION I M E R S .  RMS' 
another band from a  s i n g l e  observa- 
t i o n  o f  a  ground scene. Table 1 
shows t h a t  r e g i s t r a t i o n  e r r o r s  a re  
about t h ree  t imes sma l le r  than -- MEASURED PREDICTED 
prelaunch p red i c t i ons ,  and, i n  60 154 
the case o f  t h e  MSS, approach t h e  MSS 
r e s o l u t i o n  1  i m i  t o f  the  sensor. R BY 110 336 
This  performance i s  a t t r i b u t a b l e  
t o  b e t t e r  than expected s t a b i l i t y  a t  t he  sensors and ground process ing 
equipment as w e l l  as accurate calibrational/correction data. 
Temporal Reg i s t r a t i on .  Temporal r e g i s t r a t i o n  i s  t h e  measure o f  how we1 1  
p o i n t s  i n  one spec t r a l  band ove r l ay  
the  corresponding p o i n t s  i n  t h a t  
same spec t r a l  band from d i f f e r e n t  ~lb1.z z 
observat ions o f  the  same scene. TEMPORAL REGISTRATION (METLRS, RMSI 
The "best  f i t "  i s  determined by 
. i rans l  a t i  ng and r o t a  ti ng one M~ASURED PREOICED 
image w i t h  respec t  t o  t he  MSS 185 - 275 
o t he r  so t h a t  t h e  RMS va lue  o f  t h e  
d is tance  between corresponding RBV NOT M~ASURED , - 350 
p a i r s  o f  p o i n t s  i s  minimized. MSS C 
temporal r e g i s t r a t i o n  e r r o r s  are 
shown i n  Table 2, Again, t h e  r e s u l t s  i n d i c a t e  ac tua l  performance t o  be 
s i g n i f i c a n t l y  b e t t e r  than p red ic ted .  Since r e p e t i t i v e  RBV data was n o t  
ava i l ab l e ,  no measurement could be made. 
Re la t i ve  Mapping Accuracy. R e l a t i v e  mapping accuracy i s  t he  measure o f  
how w e l l  p o i n t s  i n  an image can be loca ted  w i t h  respec t  t o  o t h e r  p o i n t s  
i n  t h a t  image; t h a t  i s ,  i t  i s  t h e  measure o f  how w e l l  the  i n t e r n a l  
d i s t o r t i o n s  w i t h i n  an image a re  corrected.  An exce l l en t ,  and r a t h e r  
easy t o  ob ta in ,  i n d i r e c t  measure o f  t he  combined re l 2 t : ve  mapping accu- 
racy o f  bo th  MSS dnd RBV image; can be made by comparing images of t h e  
same scene f rom bo th  sensors. That i s ,  by t r a n s l a t i n g ,  r o t a t i n g  and 
sca l ing  po in ts  i n  one band o f  an MSS image (usua l ly  the v i s i b i e  red)  
w i t h  the corresponding po in ts  i n  the RBV image, a measure o f  t 9e cap- 
bined e r r w s  o f  both images i s  made. 
This composite e r r o r  i s  140 meters. f w r s  3 RILIT\VE MIPPlUG K C U U C Y  
I t  i s  no t  possible, using t h i s  
method, t o  separate the t o t a l  i n t o  
the con t r i bu t i on  from the i nd i v idua l  
sensors. (See Figure 3 )  I f  we 
assume RBV and MSS r e l a t i v e  mapping ,,s,nelm 
er rors  t o  be roughly equal, each 1 4  U T t I S  RMS 
would be j u s t  under 100 meters 
RMS. A d i s t r i b u t i o n  o; RBV and . g R - - - - - -  
MSS er rors  o f  75 meters and 120 
meters respect ive ly  i s  probably 
a more r e a l i s t i c  estimate. 
'!p,, 0 M 
IP 10D UJ 
RESOLUTION 
Image Resolution. The pred ic ted  reso lu t i on  o f  ERTS products i s  based on 
analys is  us ing standard t r i b a r  targets.  
Since proper targets o f  t h i s  type a re  F b r r  4 
not  ava i l ab le  i n  ERTS images, na tura l  PRfDICTm VS M E A S ~ R ~ ~  MSS R E S O L U T I ~  IBMD 21 
pat terns o f  grossly equivalent  form 
- .  
were used. These were i d e n t i f i e d  
and located using h igh reso lu t i on  
a i r c r a f t  imagery. The ERTS 
images were then examined t o  
determine whether these pat te rns  
could o r  could no t  be resolved. 
P ie r  s t ruc tures  i n  harbors proved 
p a r t i c u l a r l y  usefu l .  Contrast was 
a sub jec t ive  estimate. F igure 4 o 
shws a comparison o f  t h i s  type 
measurement w i  t h  predicted reso- 1-- 
l e t i o n  curves f o r  one band o f  the hl 2:l 
MSS. P lo t ted  as s o l i d  c i r c l e s  are SPACE W M S T  
pat terns t h a t  could be resolved. 
Open c i r c l e s  are pat terns t h a t  could no t  be resolved, Agreement w i t h  pre- 
d ic ted  i .esolut ion i s  q u i t e  good. S im i l a r  r e s u l t s  were obtained f o r  other  
MSS bands cnd f o r  RBV data. 
Resolution of Cchr,?uLer Compatible Tape (CCT) Data. The inherent  reso lu t i on  
- 
o f  system corrected CCT data i s  b e t t e r  than t h a t  o f  standard phbtographic 
image products s ince i t i s  n o t  degraded i n  any way by the image generat ion 
and pliotographic copying processes. A measure o f  CCT resolut ion,  a1 be i  t 
subject ive, can be made from examination o f  an enlargement of a p o r t i o n  
o f  a scene from a CCT. For reference purposes Figure 5A i s  a h igh 
reso lu t i on  a i r c r a f t  image o f  a p o r t i o n  o f  the dwntown Washington D.C. 
area. F i  u re  5% i s  an enlargement o f  a m a 1  1 po r t i on  (about one-four.,, 
hundredth! of a s fng le  EPTS frame. The enlargement was done digitally 
Figure 5A High Resolut ion A i r c r a f t  Irnane 
F igure  5B Enlarged Filtered CCT Image 
5 
and then f i l t e r e d  and displayed on a TY type moni tor  a t  a scale such 
t h a t  the reso lu t i on  o f  the TV monitor does not  subs tant ia l  l y  a f f e c t  
image q u a l i t y .  Features as small as the Jefferson, L inco ln  and Roosevel t 
Memorials and Washington Monument are detectable. 
RADIOMETRIC ACCURAY 
Radi ometrit: Trans:,'er Function. The radiometr ic  t rans fer  f unc t i on  re-  
la tes  f i l m  t ransn~iss ion t o  sensor octput  and, therefore, a lso  t o  input  
radiance. The nominal t rans fer  
func t ion  i s  1 inear between the llpurt 6 
minimum transmission o f  0.4% :xAMPLl Of POMI RA~IOMIIRIC TRANSFER FUNC~ION 
t o  the mirximum transn~iss ion o f  40%. 
During the f i r s t  f i v e  coverage 
cycles, pe r i od i c  adjustments were YJ 
made t o  improve the slope 2nd 
l i n e a r i t y  o f  t h i s  t rans fer  char- C) NOMINAL S P ~ C  
a c t e r i s t i c .  b 
J; 
Figure 6 shows one o f  the poorer 11! 10 L, 
1 t r ans fe r  cha rac te r i s t i cs  measured e 
on an image obtained dur ing the 
second coverage cycle. The high E r 
slope and bow have the e f f e c t  o f  UI 
causing pos i t i ves  t o  be general ly  
1 i gh te r  and negatives general ly  o 
darker, than the n m i n a l .  Further, 
f o r  the 9.5 inch imager, there i s  GUY SCALC SEP 
a po r t i on  o f  the dynamic range which 
i s  double valued, which rendcrs t h i s  p a r t  o f  the range useless f o r  rad io-  
met r ic  pvrposes; fo r tunate ly ,  however, measurements show t h a t  l i t t l e  image 
data (except f o r  clouds) f a l l  i n t o  the upper p a r t  o f  the dynamic range. 
Figure 7 shows the average transfet- llpurr 1 
CURRPIT R A D l O m R l C  TRANSFER fWCTlON f unc t i on  as t now ex i s t s  9 measured STINDARO OEYIAllON FOR MASUREWYHTS ON I O D I R E ~ T D A Y * ~  
over ten d i f f e r n e t  days o f  the f i r s t  
months o f  '73. The mean and one 
sigma dispers ion i n  the  t rans fe r  Y) 
cha rac te r i s t i cs  are shown. The +I0 
l i n e a r i t y ,  average slope and d i s -  Q MW 
pers ion f o r  the  70 mm imagery i s  -10 h 
V) 
excel lent .  For 9.5 inch  imagery, E m  
the t rans fe r  cha rac te r i s t i c  i s  L, I somewhat below nominal, but  double 




I5 m 1 
Rad lane t r i c  Accuracy and Stab1 11 tl. Beca~lse o f  t h e  i n te r ve r  i ng e f f e c t s  o f  
t h e  atmosphere, a  good d f r e c t  measure o f  the abso lu te  r ad i ome t r i c  accuracy 
o r  i t s  stab11 I t y  1J no t  ava l  l a b l e .  TWO approaches toward i n d i r e c t l y  meas6ring 
stab1 1  l t y  of t he  system r a d i a n e t r i c  c a l i b r a t i o n  f o r  F?SS data were i nves t i ga ted  
-- one us ing  r e p e t i t i v e  observat lons o f  the  same areas; the  o t h e r  by moni- 
t o r i n g  the  sun c a l i b r a t i o n  data p e r i o d i c a l l y  taken. 
Flgurc 8 
Imagery o f  r e l a t i v e l y  I n e r t  areas ( i n  RADIANCE HISTORY I D t . \ l H  VAL!M AREA) 
the v l c l n l t y  of Death Va l ley ,  
C a l i f o r n i a )  where su r face  r e f l e c -  
t l v i t y  I s  assumed t o  be homogenous 
and constant ,  were observsd on suc- MSS BAND 1 
cess lve coverage cyc les .  The mean 
rad lance from many t a r g e t s  I n  each 
observa t ion  was computed and p l o t t e d .  3 
The s o l l d  l l n e s  o f  F i gu re  8 connect 20 Mu,,: - 
these p o i n t s  f o r  band 1  and band 4. $ The dashed 1  lnes  show t he  expected 4 
change I n  rad lance caused by seasonal a I l l u m l n a t l o n  changes. Agreement I s  
reasonable and wi t h l n  t he  u n c e r t a i n t y  &r 
o f  t h e  I n d i v l d u a l  measurements; 
however, t h e  number o f  se ts  o f  c loud  
f r e e  Images and t h e  t lma per iods  over n, 
which r e p e t t  t i v e  Imagery was avaf l e b l e  
was s u f f i c i e n t l y  s h o r t  t h a t  quan t l t a -  u 
t l v e  conc lus lons a r e  n o t  warranted, AUO SECT QCT NOV DIC 
One each o r b l t  t h e  MSS can Image t h e  s o l a r  d i s k  through 8 smal l  ape r t u re  
and r e f l e c t l n g  m l r r o r .  Pe r l od l c  observat lons o f  t he  sun c a l l b r a t l o n  dat; 
f o r  t h e  MSS a re  shown I n  F l gu ra  9 ,  The c a l  l b r a t e d  sun da ta  I n  a1 1 bands 
remains r e l a t l v e l y  f l a t ,  I n d i c a t i n g  s t a b l e  system rad lomet , r lc  ce7 ' b ra t l on  
w l  t h l n  a  few percent .  
Flgure 9 
MSS SUN CAL HISTORY 
MSS B a h d x .  MSS computer compat ib le  tapes were analyzed t o  determine t he  
-mess of the  r e l a t i v e  de tec to r - t o -de tec to r  c a l i b r a t i o n .  That i s ,  
t o  determine how much v a r i a t i o n  from scan- l i ne  t o  scan- l i ne  ( d e t e c t c r - t o -  
de tec to r )  e x i s t s  over a  un i fo rm p o r t i o n  o f  an image. Data was evaluated 
a t  d i f f e r e n t  rad iance l e v e l s ,  i n  a l l  spec t r a l  bands, and from CCT's ob- 
ta ined  a t  d i f f e r e r ~ t  t imes.  The r e s u l t s  a r e  p l o t t e d  as the broad shaded 
curve i n  the l e f t  p a r t  o f  F i gu re  10. 
This p l o t  i s  t he  peak-to-peak d i f f -  r q u u  10 
erence between any o f  t he  de tec to r s  MIS M N D I M  AND l l L M  NO111 
i n  a  band versus t he  r ean  l e v e l  i n  
t h a t  band. /t . ; ,- . , :.-: :: / / . : ' 
t low s rad iance i t e t n g  l e v e l s  t o  t he  note peak-to-peak t h a t  a t  3 uv.:/' ::;:::: -, P.. ,, , : 
banding amounts t o  on l y  about 1% 3 ..:. :,..u.~ s .s@$' ; , 7,. ;, 
, ha l f  a  quantum l e v e l  ) and increases ! " .7.mz:,:L -:::?; .? 
.:<&?;;gs; . . 
w i t h  i n c reas i ng  rad iance.  I n  f i l m  . -.---.- s2e22:z=:::~G:.:v -...=y .--, ... .-.. - -,, ... '. 
... --." -,?:sf+. 
images, however, banding i s  v i s i b l e  to ,..?sz~~-@$;+gg.. 
,,<;; ~;$:.5;c:~:$%~~ .. t o  the  eye p r i n c i p a l l y  a t  low 4 , :tc.z2 . a @: ?.: ;:,:i?; - . ...=:::,i~g,:. z:LF 
rad iance l e v e l s  and n o t  a t  t he  . .~s2.~g;g:;~,.:. . . 2 !:; ;~ ..4 , 
h igher  l e v e l s .  Th i s  i s  because o I IUIK.IC-IIAI NIX n rui S C A ~  
of the  eye 's  s e n s i t i v i t y  t o  t he  
h igher  c o n t r a s t  r a t i o  a t  these 
low l e v e l s  and because o f  o t he r  sources o f  "banding" i n  f i l m  images. 
The r i g h t  hand p o r t i n n  o f  F igure  10 represents  t he  peak-to-peak va lue of 
a l l  "system noise"  as measured or, f i  lm wi t h  a  microdensi  tometer.  Since 
the  microdensi  t ane te r  scans were made w i t h  a  narrow b u t  1 ong s l i t  w i t h  
the  long dimension p a r a l l e l  t o  t h e  scan l i n e s ,  t h i s  no ise  w i l l  i n c l ude  
nonun i f o rm i t i e s  produced i n  f i l m  image generat ion,  c e r t a i n  photographic  
nonuniformi t i e s  as we1 1 as t h e  i nhe ren t  de tec to r  banding o f  t h e  MSS. Note 
t h a t  F igure  10 i s  p l o t t e d  i n  terms o f  peak-to-peak noise; RMS no i se  would 
be about f o u r  t imes sma l le r .  
SUMMARY COMMENTS 
The fo rego ing  analyses leads t o  t h e  genera l  conc lus ion  t h a t  t he  q u a l i t y  
o f  the  system co r rec ted  products  produced by the  ERTS-1 system dur inq  
i t s  i n i t i a l  pe r i od  o f  opera t ions  i s ,  f rom a r e s o l u t i o n  and r ad i ome t r i c  
accuracy v iewpoint ,  q u i t e  cons i s t en t  w i t h  pre launch est imates.  I n  the  
geometr ic sense, these data products  a re  somewhat b e t t e r  (and i n  a  few 
cases cons iderab ly  b e t t e r )  than pre launch est imates.  
Another independent, b u t  perhaps more sub jec t i ve ,  measure o f  data qua1 i t y  
was obta ined from a ques t ionna i re  ma i led  t o  a l l  p r i n c i p l e  i n v e s t i g a t o r s  
The i n v e s t i g a t o r s  were asked t o  g i v e  t h e i r  eva l ua t i on  o f  t he  da ta  products 
w i t h  respec t  t o  the  pre launch est imates they were prov ided.  The responses 
a re  p l o t t e d  i n  F i gu re  11 and show, perhaps, and e v m  o e t t e r  r e p o r t  card 
than t h e  more q u a n t i t a t i v e  e v a l ~ a t i o n  o f  t h i s  paper. 
F i i r c  11 
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